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(Sphingomonas)同源性 99%，序列 5与伯克霍尔德菌（Burkholderia）同源性 100%。 
2. 用平板升华的方法筛选获得一株产生明显降解圈的菌株，定名为 H。经 16SrDNA
分子鉴定，降解菌 H 归于鞘氨醇单胞菌属(Sphingomonas)。高效液相色谱（HPLC）
结果表明，降解菌 H 在 5 天之内降解了 81.9％终浓度为 400 mgL-1的菲，24h 内
大降解速率达到 5.95 mg L-1h-1，添加酵母粉没有促进降解菌对菲的利用。降
解菌H的 适生长温度为 30℃， 适 pH为 8.0。比较混合菌系和降解菌的DGGE
图谱，降解菌 H 在混合菌系中占有重要的地位，与条带 2 对应。在菲诱导下，
降解菌 H 的全细胞蛋白的表达发生了变化，说明在降解菌 H 中，参与菲降解的
基因是可诱导的。喷洒邻苯二酚，降解菌 H 能够迅速产生黄色的 2-羟粘糠酸半
醛（2-HMS）。 
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酚 2，3-双加氧酶（C23DO）基因的阳性克隆子。经过测序和核酸序列的分析，
目的片段依次是 C23DO 基因、功能未知的基因和 HMSD 基因的片段，属于 S
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Abstract 
Polycyclic aromatic hydrocarbons (PAHs) are one class of organic chemical pollutants 
consisting of two or more fused benzene rings, widely distributed in the marine 
environment. They have attracted more intensive attention because they are carcinogenic, 
teratogenic and mutagenic to animals and human being potentially. It is an efficient and 
economical way to recover PAHs contamination by microbial remediation. It is a hotspot 
field to construct Genetic Engineering Microorganisms (GEMs) capable of 
bioremediating contaminated environment, which depends on the elucidation of genes 
and corresponding enzymes involved in PAHs degradation and therefore the clarification 
of genetic regulation and metabolism pathways. 
 
In this research, sea water samples were collected from Botan oil port in Xiamen. 
Phenanthrene, typical of PAHs, is selected as sole hydrocarbon and energy source in the 
MS media to incubate and enrich the phenanthrene-degraders. The change of bacterial 
community structure of co-cultured system was analyzed by Denaturing Gradient Gel 
Electrophoresis (DGGE) during series of inoculation. Sublimate-plate method was used 
to isolate phenanthrene-degraders around which had clear zone on the Phe-MSM plate. 
The degradation rate of degraders was measured by High Performance Liquid 
Chromatography (HPLC). Then gene library of degrader was constructed to screen the 
genes related to critical enzymes.  
  
The results were listed as follows: 
1. Two clear bands (4 &5) in the DGGE profile were recovered and sequenced. Blast 
online and phylogenetic analysis suggested that sequence 4 had 99% similarity with 
Sphingomonas, and sequence 5 had 100% similarity with Burkholderia.   
 
2. With sublimate-plate method, one degrader was isolated and denominated as H. The 
strain H was classified to Sphingomonas genus according to its 16SrDNA sequence. 
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conc. 400mgL-1) within five days and the largest velocity is up to 5.95 mg L-1h-1, but 
no improvement was detected with yeast as additive. The condition of 30℃ and pH 
8.0 is most suitable to the growth of strain H. The Strain H is dominant in co-cultured 
system and corresponding to band 2 by comparing their DGGE profiles. The 
differential expression of whole cell protein of strain H induced by phenanthrene was 
very obvious. This indicated that gene clusters involved in phenanthrene degradation 
is inducible. The Strain H has the ability of transforming the catechol (brown) to 
2-HMS (yellow) by spill-plate method. 
 
3. The total DNA of strain H was extracted and partially digested by sau3AI. Then 
3-10Kb DNA fragments were recovered to construct gene library with pUC19 as 
vector and E.coli DH5α as host. The gene library was screened for colonies which 
turned yellow as a result of the formation of 2-HMS from catechol. One positive 
clone has been isolated. The inserted fragment has three ORFs based on DNA 
sequencing and further analysis, including C23DO gene, unknown gene and partial 
HMSD gene which belongs to P-type meta cleave operon. Multiple alignment of 
predicted amino acid sequences with well-known sequences and phylogenetic 
analysis consequently revealed that C23DO gene and HMSD gene have high 
sequence similarity with those kinds of genes in Sphingomonas genus, especially 
Novosphingobium aromaticivorans, but not in other genera. The positive clone 
induced by catechol expressed additional protein.   
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PAHs 具有致癌、致畸、致突变的作用。美国环保局在 80 年代初就把 16 种 PAHs
（见图 1-1）列为环境中优先监测污染物，后来我国也把 PAHs 列入环境优先检测的
污染物黑名单中。由于 PAHs 的稳定性和疏水性，造成其能持久地存在于环境中，
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Naphthalene Acenaphthene Acenaphthylene Fluorene
Phenanthrene Anthracene Fluoranthene Pyrene
Benzo(a)Anthracene Chrysene Bnezo(b)Fluorathene Benzo(k)Fluoranthene





苯并[a]蒽 屈 苯并[b]荧蒽 苯并[k]荧蒽
苯并[a]芘 茚[123-c,d]并芘二苯并[a,h]蒽 苯并[g,h,i]苝  
 
图 1-1 16 种优先监控多环芳烃的结构图 
Fig. 1-1: Chemical structures of sixteen individual PAH compounds which 














前    言 
 7
作用破坏细胞膜，可能还会进一步损伤 DNA、蛋白等生物大分子和线粒体、核糖体
等细胞器等（PAHs 光致毒性主要是光促机理）。另一方面是 PAHs 进入生物体后
（主要是高等生物），首先被其细胞色素 P450 依赖的混合氧化酶系氧化或羟基化，
然后一些内源性的分子如谷胱甘肽、葡萄糖醛酸等在第二阶段酶的催化下被氧化后








方面:1)直接与靶细胞 DNA 形成加合物，造成 DNA 损伤和染色体畸变;2)在原癌基




































理该类污染物的 主要且 有效的途径之一[14]。 
许多 PAHs 化合物均能被一种微生物或一个微生物群体全部或部分降解。其中












对于 PAHs 污染的生物修复的研究，主要对低分子量的 PAHs 进行矿化作用（如萘、
菲、芴、荧蒽等，少有对芘的），而对高分子量的 PAHs 主要是采用共代谢方式。 
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pH 和盐度等，此外光照、水深、季节变化、水动力及其它有害物质等因素也会影响









PAHs 污染环境中分离高效降解降解菌，并且这些 PAHs 降解菌的基因可能是 PAHs












图 1－2 菲的结构特征 
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